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ABSTRACT
A Kodak Model 101 sensitometer has been improved from
the original design and also been made more versatile so as
to be able to expose a greater variety of general-purpose
films. Improving the machine has been accomplished by mod
ifying the shutter to produce an exposure time of 1/20
second instead of 1/5 second, thus eliminating reciprocity
law failure from calculations, and also complying with the
American National Standards Institute specification for ex
posing continuous-tone films. The previous tungsten lamp
has been replaced with a tungsten-halogen lamp. Versatility
has been added to the machine by introducing a xenon-flash lamp
in the existing lamphouse. Simplicity in operation has
been maintained, considering that either system uses the
same button for making exposures. One additional control
for selecting either source has been added. Both systems
perform with 2% repeatability and 2% uniformity across the
exposing surface. A system accuracy of + 5% is assigned.
vii
INTRODUCTION
Before the conception of this project, the Rochester
Institute of Technology did not have a precision sensito
meter capable of producing an exposure time and spectral
distribution as recommended by the American.National
Standards Institute for testing of camera films. ANSI
PH2. 5-1972 states that the exposure time should be between
1/20 and 1/80 second. Due to possible reciprocity law
failure at exposure times other than those recommended by
A.N.S. I., it is important that the film to be tested be
exposed in a manner similar to its intended use.
The Sensitometry Complex contains a Kodak Model 101
Sensitometer in every darkroom. The lamps produce a color
temperature of 2856 K, with an average illuminance of 1700
lux at the exposing surface. The exposure time of 1/5
second is outside the A.N.S. I. limits. Mr. Edward Letzer
of the Eastman Kodak Company states that the Model 101 was
designed to produce the rated exposure of 340 lux-seconds
(log H= 2.53) in order to adequately expose slow-to-medium
2
speed papers or films. The E.G. & G. Mark VI and Mark VII
sensitometers currently available produce a spectral irra
diance approximately that of daylight and provide an expo-
sure time of 1/100 second. An internal company report made
available to the author lists the precision for the 1/100
second exposure as being within 12%.
Rather than design a new sensitometer solely for the
purpose of reproducing daylight characteristics required for
daylight-sensitive films, the goal of this project has been
to redesign the Kodak 101 to accommodate a xenon flash lamp
for exposing daylight films, and to replace the existing
conventional tungsten lamp with a tungsten-halogen lamp for
exposing artificial-light films. Also, it was found that the
shutter speed could be changed to produce an exposure time of
1/20 second, thus complying with A.N.S. I. specifications.
The research work set forth herein investigates the
light sources used, exposure considerations, and the theory
involved in both of the lighting systems. The shutter system
and modifications have been detailed. The experimental re
sults section has been divided into two parts dealing with
each system separately. Each part is further sub-divided,
treating exposure time, variability across the exposing sur
face, repeatability, color temperature and calibration
separately.
FOOTNOTES FOR INTRODUCTION
American National Standards Method for Deter
mining Speed of Photographic Negative Materials -
ANSI PH 2.5, 1972
2
Personal Communication
3
E.G.&G. Electro-Optics Division Data Sheet,
S 700, 3B-1
THEORY
I. Electronic Flash System
A) Exposure Considerations
In order to determine the maximum energy output required
of the flash system, it was necessary to consider the slowest
speed general-purpose film which would be tested using this
machine. It was decided that Kodachrome, ASA 25, with a one-
stop filter density allowance would be the guideline. With a
step-wedge having a density range of 0 - 3 log units, an inci
dent log-exposure of 2.00 lux-seconds would be needed. The
required luminous intensity of the lamp was then found using
the equation:
CPS = H x
d2
where H is the exposure at the film platen in
lux-seconds,
d is the lamp-to-film distance in meters,
measured to be .31 meters,
CPS is the time-integrated lamp luminous
intensity in candela-seconds.
Thus, the amount of output required is 10 CPS, and with a
nominal efficiency of 5 CP/watt, the required energy input to
the lamp is 2 watt-seconds, which is unusually small. The
unit was designed around a stock photoflash capacitor and
lamp and has a somewhat greater output than necessary, which
is attenuated with a diffuser.
B) Flash Operation
In order to achieve a practical sensitometric source of
daylight for routine testing, a xenon flashtube was used.
It is efficient and its spectral composition is nearly that
of daylight.
In Fig. 1, a basic circuit is shown. The storage capa
citor is charged by the power supply. When fully charged,
its voltage should be less than the breakdown voltage of the
tube, or the lamp will self-fire. If a short pulse of suf
ficient voltage is applied to the trigger wire, the minimum
breakdown voltage can be exceeded, causing the gas to ionize,
and thus reducing the resistance of the tube. This action
allows the capacitor to discharge through the lamp, producing
light energy. The electrical energy stored in the capacitor is
used to rate the amount of bare-bulb output produced by the
5
flashtube, given by:
2
E = CV /2 (watt-seconds or joules) 1)
where C is the storage capacitance in farads
V is the voltage across the capacitor.
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For an R-C circuit, the duration of the flash is dependent
on the storage capacitance and the combined resistance of the
flashtube during ionization, the series resistance, and any
stray resistance. This relationship is given by:
T = RC/2 2)
where T is the flashtube duration, defined at the 1/3 inten
sity points.
It can be seen from Eq. 2 that large capacitance results
in long duration, while Eq. 1 shows that low voltage across
the capacitor keeps the input energy low.
In order to study the effects of adding an inductor in
series with the lamp to increase the flash duration, an
R-L-C series circuit was used, shown schematically in Fig. 2.
SIMPLIFIED R-L-C FLASH CIRCUIT
C
A/VW
Vc(0+)
L
FIG. 2
The switch represents the change in the resistance of the
xenon gas from high to low upon ionization, with time t = 0.
8Writing an equation for this circuit,
L |^ + Ri + ^ fi dt + Vc(0+) = 0
and taking the second derivative and simplifying, we get
d2i R di 1 . n
^2 + Ldt + LC1==0'
The solution for this equation is given in many electrical
engineering texts. Since there is no external excitation,
the forced response is zero, and the solution takes the form
I(t) = Axe
"l*
+ A2e
m2t
+
/R2
1
ml' m2 : 2L "/~2 ~'LC
and let b = -r and x -J5_. - ^ _
Three cases can now be outlined:
1) Underdamped Case - this occurs when the discriminant,
x, is less than zero, and represents an oscillatory
current shape, decreasing exponentially with time.
The solution takes the form
I(t) = e (A, cos xt + A2sin xt) .
2) Critically Damped Case - this occurs when the dis
criminant equals zero, thus the roots m, and nu are
equal, and the solution becomes
I(t) =
emt(A. + A-t).
3) Overdamped Case - this occurs when the discriminant
is greater than zero, and the roots m. and m_ become
negative real numbers. The solution then takes the
form
I(t) = Axe
mlt
+ A2e
m2t
,
which is essentially the sum of two decaying exponen
tials, and behaves like a single decaying exponential.
Originally, the overdamped current shape seemed most
practical, so, using the initial conditions 1(0) = 0, and
V (0+) = VQ = the voltage of the fully charged capacitor,
solving for the constants yielded
A, = - A_ =
1 2 L(m2 - m1)
The results of plotting curves for various values of R, L, and
C appear in Figs. 3, 4, 5 and 6.
Note that the resistance values represent total resis
tances; that is, the sum of the resistance of the flashtube
when fully loaded, the resistances of the capacitor and in
ductor, and any series resistance. Except for the series re
sistance, approximations were needed for the actual values,
since these can only be determined through actual experimenta
tion. An approximation for the lamp resistance was determined
using specifications from a G.E. FT-118 flashtube which was
chosen for the experiment. This chart shows that for an anode
voltage of 450 volts and a 400 microfarad capacitor, the lamp
10
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has a duration of 700 microseconds. Since the duration is
given by T = RC/2, using this equation gives a lamp resis
tance of 3.2 ohms. It is important to note here that the
lamp resistance is not constant, but a function of the
p
current density through the lamp when loaded, and thus a
function of the particular component values used.
These graphs, then, show the output characteristics when
an individual component is varied. However, it is not pos-
sible to see any interactions between components, thus making
2
the graphs difficult to use. A 3 factorial design was used
to clarify these interactions. By first selecting an energy
input to the lamp, which is constant and determined by the
voltage and capacitor values, the only remaining variables
are R and L, which can be plotted together vs. duration time.
This appears in Fig. 7. Of particular interest in this graph
is the slope of the isotime lines, which show that duration
changes more with resistance than by inductance, at least
with respect to the values of voltage and capacitance chosen.
The values of inductance in this region can only be rather
large, considering they must be of the air-core type, and
not iron-core which are smaller for the same amount of induc-
q
tance, since the high current densities involved would
saturate the iron core.
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LINES OF CONSTANT DURATION - L vs. R
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Of interest, then, is the comparison of the R-L-C cir-
suit to a circuit using only a resistor and capacitor in
series. Following the analysis given previously for the
R-L-C and solving the differential equation similarly
Ri + i/dt + Vc(0+) = 0
R
di 1
dt
+
C
1
and Kt) =
Vc(0+)
- t/RC.
A plot of this function appears in Fig. 8. When compared to
the duration achieved by the R-L-C circuit, for instance, at
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the ten ohm level (see also Fig. 7) , a 4-millisecond duration
occurs with a 5-millihenry inductor, and using no inductance
results in a duration of 2.75-milliseconds. In this operating
region, therefore, adding an inductor contributes very little,
and for this reason, has been eliminated from the experimen
tation. Thus, a system resistance of ten ohms was selected
to give a duration in the 3-millisecond region. Because of
the flashtube resistance, a 5 ohm series resistor was chosen
for the experimentation, in conjunction with a 525-microfarad
capacitor charged to 400 volts.
Also, most films exhibit no reciprocity effects at expo
sure times of 1-millisecond. Thus, a system resistance of ten
ohms was selected to give a duration in the three-millisecond
region. Taking the flashtube resistance into account, a 5
ohm series resistor was chosen for the experimentation. A
525-microfarad Mallory photoflash capacitor was selected, since
it is designed for this type of use. The charging voltage is
400 V.
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II. Tungsten-Halogen System
A) Exposure Considerations
The same exposure criteria for the Xenon flash system
was used for the tungsten-halogen system, namely, a log
exposure of 2.00 lux-seconds at a color temperature of
2856 K to expose an ASA 25 speed film, with an allowance of
.30 log lux-seconds for additional filtration. Since the
proposed shutter speed is 1/20 second, the required illu
mination is 2000 lux. This represents an increase of 300
lux over the present system requirements. It was found that
Sylvania 100Q/CL/DC tungsten-halogen lamp could meet the
design criteria.
B) Tungsten-Halogen Operation
A tungsten-halogen bulb has been selected because the
halogen cycle has been found to be responsible for higher
luminous efficacy and longer life, compared to ordinary
11
tungsten lamps. In the halogen cycle, iodine reacts with
evaporated tungsten on the bulb wall if the envelope tempera
ture is from 500-650 F. The tungsten is converted to a
tungsten-iodine gas, which migrates back to the filament and
decomposes to tungsten. This regenerative cycle prolongs
filament life, and enables the lamp to be operated at higher
color temperatures, thus increasing the luminous efficacy
(See Fig. 9) . The National Bureau of Standards tested a
GE 6.6 A/T4Q/ 1CL-200 watt lamp and found that in 100 hours.
17
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the irradiance changed less than 1% when operated at 6.5
13
amps. A comparison of lumen-maintenance curves for a
number of different lamps appears in Fig. 10. Because of
these improvements over conventional tungsten lamps, the
N.B.S. has made use of this lamp as a new standard of spec
tral irradiance.
The use of the Sylvania lamp has proven to have a num
ber of fortunate advantages. By using bismuth and lead,
whose melting points are 500F and 610F respectively, as
temperature indicators, it was found that the lamp could be
used at 2856 K and still have the recommended envelope tem
perature necessary for the halogen cycle to function. The
o 15
rated color temperature is 3000 K at 120 volts. Operating
the lamp at 2856 K gives a measured illuminance at the film
plane of 2300 lux, close to that suggested. Lastly, the
16life of this bulb at the rated voltage is 1000 hours.
III. Shutter System
The proposed modifications in the Kodak 101 involved
reducing the mechanical shutter time to 1/20 second. The 101
employs a circular shutter, so the exposure time is dependent
on the angular size of the sector opening, m (in degrees) ,
and the rotational speed, w (RPM) , of the disk, and is given
17
by the relation
t = m/6w.
19
Since the Kodak 101 was found to use a synchronous 105
RPM motor, and the speed was not modified, the angular
opening was reduced to give the required exposure time. The
sector angle of the shutter was measured to be 120, and
using this with the previous equation gives
ml m2
W '
6tx
'
6t2
-
m _
"tlt2
.
, ono
v
1/20
.
-no
m2 =
-E
- 120 x^ - 30 .
The sector opening was reduced with a black paper mask
to 30 , and no vignetting of the filament at the film platen
was observed. Also, a phototube connected to an oscilloscope
confirmed the 1/20 second exposure time, measured at the half
peak intensity points. A metal shutter was therefore con
structed to the same dimensions as the previous disk only
with a 30 shutter opening, and installed in the sensitometer.
IV. Modifications to the Kodak 101 Sensitometer (RIT #62742)
In order to accommodate both the tungsten-halogen lamp
and the electronic flash lamp in the same housing, the ex
isting lamp mounting plate was replaced by a sliding plate, with
both lamps mounted in such a way that either lamp coincided
with the optical axis of the machine when moved to its proper
position. The tungsten-halogen lamp essentially uses the
original wiring, with the exception of a switch to shut the
lamp off when the flash system is used. The switching circuit
20
will be explained later. The flash system consists of a
circuit board on which all the resistive components are
mounted, along with the charging diodes, and the trigger
capacitor and transformer. This board is mounted to the
underside of the machine, along with the flash capacitor,
which is mounted individually in a large opening in the
chassis directly under the lamphouse. The charging trans
former is the only item which could not fit inside the
machine, so it is mounted on a steel plate on the same side
of the unit as the ammeter. Besides the transformer, the
only other cosmetic change to the original machine is a
shaft with a brass knob protruding from the side of the
unit and directly in front of the transformer. This shaft
is threaded into the lamp plate in order to allow the re
moval of the outer case, and is used to shift the lamp plate
into position.
Essentially, then, both systems are independent, with a
relay system used to automatically energize the selected
circuit. A schematic diagram of the relay circuit is shown
in Fig. 11, from which it can be seen that the tungsten lamp
is in operation when the relay is de-energized. When the
flash lamp is moved into position, a microswitch energizes
the relay, removing the incandescent lamp from the circuit
and simultaneously powering the flash system. Also, the re
maining set of relay contacts is used as a flash trigger
switch, allowing a switch connected to the shutter mechanism
21
to fire the flash. This is accomplished by using a cam on
the shutter shaft which is timed to fire the lamp when the
shutter is fully open. Operationally, this means that the
same button is used to make exposures for either system, thus
eliminating confusion for the user. Since the relay becomes
de-energized when either the lamp plate is moved or power is
shut off, the flash automatically fires, thereby acting as a
safety feature in conjunction with the 160K ohm bleeder re-
sistor, which fully discharges the capacitor. The complete
circuit diagram appears in Fig. 12.
SCHEMATIC DIAGRAM OF RELAY CIRCUIT
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V. Voltage Regulation
Because of the nature of the voltage regulator used in
the Kodak 101 Sensitometer (SOLA #22281), it is important to
mention some observations. The output of the regulator is
not sinusoidal, and contains harmonics. The shape of the
wave has been observed to change with varying load, becoming
more sinusoidal with increasing load. In particular, by
simulating voltage fluctuations of 105-125 volts with an auto-
transformer, the voltage across the 100 watt incandescent lamp
remains within .75 volts, or +.65%. However, it should be
considered that for the electronic flash, the load conditions
are not constant, since the charging current goes to zero as
the capacitor becomes fully charged. Thus, little loading
occurs for most conditions, and regulation becomes difficult.
Note also that the secondary side of the transformer is
400/120 = 3.3 times the primary voltage, and line fluctuations
could have disastrous effects without proper regulation.
Fortunately, by wiring the flash system voltage trans
former to the output terminals of the voltage regulator in
the Kodak 101, as shown in Fig. 12, the autotransformer used
in the tungsten-halogen system automatically becomes a constant
parallel load. Apparently this load is sufficient, since it
was found that regulation was held to 394.5 volts +3.0 volts
from 110-125 volts in the incoming line, or + .76%. Since
the energy stored in the capacitor is proportional to the
square of the voltage, however, effective regulation is +2.3%
in terms of energy per flash.
24
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EXPERIMENTAL RESULTS
I. Electronic Flash System
A) Flash Duration
In order to determine the duration of the flash, a
vacuum phototube connected to a Tektronix #5103N oscillo-
scope was used. Flash duration is conventionally measured
in terms of one-third peak intensity points on the rise
REL. LUMINOUS INTENSITY vs. TIME-- XENON FLASH
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and decay of the intensity vs. time trace, as given by the
oscilloscope. From Fig. 13, the duration is measured to
be 3.4 milliseconds, or 1/294 second. This value is
slightly better than the 2.75 millisecond theoretical
value reported for the 10 ohm plot in Fig. 8 (estimated
tube resistance of 3.2 ohms, series resistance of 5 ohms
plus stray resistance of 1.8 ohms), and considering the
approximations involved, the two are in good agreement.
B) Exposure Variation Across the Film Platen
In order to determine the exposure variation across the
film platen as a function of position, samples of Plus-X 4x5
film were exposed on the linear portion of the characteristic
curve and processed to a gamma of .7, using D-76 developer.
Twenty-one density readings were then taken, corresponding to
the positions of a twenty-one step tablet (note that no step
tablet was physically used). In addition, three separate
density readings were taken at the top, middle and bottom
portions of the film for each theoretical step. Density and
development data appear in Appendix A-l. As expected, den
sity varied more along the length of the film than the width,
so that averaging the three measurements for each step posi
tion and determining the mean and standard deviation of these
twenty-one averages was representative of the total varia
bility across the film plane. A plot of these averages
according to step position is shown in Fig. 14. Using + 3-
sigma limits in percent gave an overall percent error of +1.7%
28
DENSITY VARIABILITY vs. POSITION
XENON-FLASH SYSTEM
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This test was for the lamphouse in position closest to
the film plane, or what is designated as the +1 position.
Moving the lamphouse further away from the film plane to the
0 and -1 positions resulted in slightly different results.
Repeating the above procedure for these positions gave a
+ 2.0% and +2.1% error across the film plane, respectively,
and thus in close agreement with the +1 result.
29
C) Exposure Repeatability
An important factor in exposure repeatability is the
time period allowed for the capacitor to charge up between
flashes. The capacitor was observed to reach 97% of the
final voltage within the first fifteen seconds after an
exposure. Full voltage occurs within the first twenty
seconds. A recycle time of thirty seconds is recommended,
and was used for all of the subsequent tests.
Using a sample size of nineteen exposures made onto
Plus-X film and developed in D-76 with nitrogen-burst agi
tation, an overall repeatability of + 2.1% was attained
(gamma of 1.0). Exposure, development and recorded density
data appear in Appendix A-2 .
D) Color Temperature
Color temperature calculation for the xenon-flashtube
is usually made by the use of a time-integrating spectroradio
meter. This device is used to obtain the spectral output of
a lamp at a number of discreet wavelength intervals, thus
allowing the spectral energy distribution of the lamp to be
plotted. Comparing the normalized distribution to published
curves for a number of daylight distributions, a correlated
color temperature can be assigned. In this case, without the
availability of such an instrument, it becomes difficult to
accurately determine the color temperature of the flashlamp.
It is a well-known fact, however, that the xenon flashtube has
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a spectral composition nearly that of standard sensitometric
daylight (5500 K) , and will vary somewhat, depending on the
particular circuit used.
E) Exposure Calibration
Using a United Detector Technology 40x Opto-meter (R.I.T.
#111452) for measuring the exposure at the film plane re
sulted in an exposure of 150 lux-seconds, of 2.18 log- lux-
seconds. This represents a difference of .18 over the design
criteria, and is not excessive. A system accuracy of + 5% is
assigned, based on the accuracy of the U.D.T. meter.
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II. Tungsten-Halogen System
A) Exposure Time
Again using the phototube-oscilloscope arrangement, the
exposure time has been verified to be the proposed 1/20
second, or 50 milliseconds, at least to within measurement
error, and using a sample size of ten. A typical trace is
shown in Fig. 15. It is interesting to note the 60 cycle
alternating current which is detected by thephototube.
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In addition, a stroboscope has been used to determine
if the modified shutter travels at a constant velocity during
exposure. This has been accomplished by painting a white
dot on the leading and trailing edges of the shutter, and
illuminating it with a General Radio Company Strobotac unit,
operating at 60 flashes per second. A high speed film was
used to record the shutter movement, and the results are
shown in Fig. 16. Spacings between the top marks (trailing
edge) were measured exactly equal, as were the spacings
between the bottom marks (leading edge) , thus the shutter
travels at a constant velocity.
B) Exposure Variation Across the Film Platen
Using the same film, development and data analysis as
that outlined for xenon-flash yielded similar results for the
tungsten-halogen system. For the lamphouse in the +1 posi
tion, a + 2.0% error was found for the exposure variability
as a function of position displayed in Fig. 17. Moving the
lamphouse further away to the 0 and -1 positions resulted in
a percent error of + 3.3% and + 3.5% respectively. All
pertinent development and data analysis appear in Appendix
B-l.
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SHUTTER MOVEMENT ANALYSIS
USING A STROBOSCOPE
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DENSITY VARIABILITY vs. POSITION
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C) Exposure Repeatability
Again following the method used for determining exposure
repeatability for the xenon-flash yielded a three-sigma per
cent error of + 2.2%. This is in excellent agreement with
the result reported for the xenon-flash system of + 2.1%.
Development and recorded density data appear in Appendix B-2.
D) Color Temperature
Color temperature was calibrated for the tungsten-halo-
18
gen lamp using what is known as the comparison method.
This method involves measuring the current output of a light
sensor using narrow-band red and blue glass filters, and com
puting the resultant blue-to-red ratio. The filters are used
to compare the lamp output at shorter wavelengths with the
lamp output at longer wavelengths and thereby obtain a
numerical ratio that is unique for each color temperature.
A blue-red ratio was first obtained from a standard lamp
operating at 2856K. Using this, the current through the
sensitometer lamp was adjusted to give the same ratio as the
standard. The resulting calibration current was found to be
.84 amps.
E) Exposure Calibration
Using the United Detector Technology 40x Opto-meter for
measuring the exposure at the film plane resulted in an
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exposure of 115 lux-seconds, or a log-exposure of 2.06 lux-
seconds. This meets the design criteria of 2.00 log-lux-
seconds remarkably well also. Again, a system accuracy of
+ 5% is assigned, based on the U.D.T. meter.
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FOOTNOTES FOR EXPERIMENTAL RESULTS
18
Stimson, A. Photometry and Radiometry
for Engineers. Wiley & Sons, 1974. p. 216
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CONCLUSION
Based on the results, the Kodak 101 sensitometer has
been successfully modified to include two separate exposing
sources - a tungsten-halogen system for exposing artificial-
light films, and an electronic flash system for exposing
daylight films. The exposure time has also been reduced
to bring it within the region where reciprocity effects are
not observed with most films. Repeatability is reported to
be within + 2%, with + 2% exposure variability across the
exposing surface. A system accuracy of + 5% is assigned,
based on the accuracy of the U.D.T. Opto-meter used to
measure the exposure.
The following table lists a few general-purpose films
and the suggested amount of neutral density filtration re
quired for proper sensitometric evaluation of each, based on
the exposure results:
Neutral Density Filtration
Film ASA Tungsten Flash
Kodachrome-X 25 .5 .6
Panatomic-X 32 .6 .7
Ektachrome-X 64 .9 1.0
Plus-X 125 1.2 1.3
High-Speed Ektachrome 160 1.3 1.4
Tri-X 400 1.7 1.8
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Using this table, an appropriate set of neutral den
sity inconel filters can be selected to complement the
existing .8 and 2.1 N.D. filters commonly found in the
Sensitometry Complex.
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APPENDIX A
Xenon Flash System
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Appendix A-l Density Variations Across Exposure Platen
Lamphouse in +1 Position - Electronic
Flash System
Film: Plus-X 4x5 sheet film, ASA 125
Development : R.I.T.
gamma
Versamat
=
.8
processor, 2.5 fpm setl
Exposure: 2.1 N.D. filter
Results:
>
Step No. Top
1.53
Middle
1.53
Bottom
1.50
X
1 1.53
2 1.53 1.52 1.51 1.52
3 1.52 1.53 1.50 1.52
4 1.52 1.53 1.50 1.52
5 1.51 1.53 1.50 1.51
6 1.51 1.53 1.50 1.51
7 1.51 1.52 1.50 1.51
8 1.52 1.52 1.51 1.52
9 1.51 1.52 1.50 1.51
10 1.51 1.52 1.50 1.51
11 1.51 1.52 1.50 1.51
12 1.51 1.52 1.50 1.51
13 1.52 1.52 1.50 1.52
14 1.52 1.52 1.50 1.52
15 1.52 1.52 1.50 1.52
16 1.52 1.52 1.51 1.52
17 1.52 1.52 1.50 1.52
18 1.52 1.52 1.50 1.52
19 1.52 1.52 1.51 1.52
20 1.51 1.52 1.51 1.51
21 1.52 1.52 1.50 1.52
X 1.517 1.522 1.502 1.517
s .006 .004 .004 .006
Using X column, + 3-sigma in percent
= + 1.73%
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Appendix A-l Lamphouse in 0 Position
(Continued)
Exper imenta1
Conditions: Same as in +1 Position
Results :
Step No. Top
1.47
Middle
1.45
Bottom
1.47
X
1 1.47
2 1.46 1.45 1.46 1.46
3 1.46 1.44 1.47 1.46
4 1.47 1.44 1.46 1.46
5 1.46 1.45 1.46 1.45
6 1.46 1.45 1.45 1.45
7 1.46 1.45 1.45 1.45
8 1.46 1.45 1.45 1.45
9 1.46 1.45 1.45 1.45
10 1.46 1.44 1.45 1.45
11 1.45 1.45 1.45 1.45
12 1.45 1.44 1.45 1.45
13 1.45 1.44 1.45 1.45
14 1.45 1.44 1.46 1.45
15 1.46 1.45 1.46 1.46
16 1.47 1.45 1.46 1.46
17 1.47 1.46 1.46 1.46
18 1.47 1.47 1.46 1.47
19 1.46 1.46 1.46 1.46
20 1.46 1.46 1.46 1.46
21 1.46 1.45 1.46 1.46
X 1.460 1.450 1.457 1.457
s .007 .008 .006 .007
Using X column, + 3-sigma in percent
= + 2.0%
Appendix A-l Lamphouse in -1 Position
(continued)
Experimental
Conditions: Same as in +1 Position
44
Results:
Step No. Top.
1.46
Middle
1.46
Bottom
1.44
X
1 1.45
2 1.44 1.44 1.42 1.43
3 1.44 1.44 1.42 1.43
4 1.44 1.44 1.42 1.43
5 1.44 1.44 1.42 1.43
6 1.43 1.43 1.42 1.43
7 1.44 1.43 1.41 1.42
8 1.44 1.43 1.41 1.42
9 1.44 1.43 1.41 1.43
10 1.44 1.43 1.41 1.43
11 1.44 1.43 1.42 1.43
12 1.43 1.44 1.41 1.43
13 1.44 1.43 1.41 1.43
14 1.44 1.44 1.42 1.43
15 1.44 1.44 1.42 1.43
16 1.44 1.45 1.43 1.44
17 1.44 1.44 1.43 1.44
18 1.44 1.45 1.42 1.44
19 1.44 1.44 1.42 1.44
20 1.44 1.44 1.41 1.43
21 1.43 1.43 1.42 1.43
X 1.439 1.438 1.419 1.432
s .007 .008 .008 .007
X
Using X column, + 3-sigma in percent = + 2.0%
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Appendix A-2 Exposure Repeatability Data
Film:
Exposure:
Deve lopment :
Results:
Kodak Plus-X film (35mm) - ASA 125
2.4 neutral density filter used
D-76 undiluted at 73F, using nitrogen-
burst agitation - 1.3 sec/cycle, 1 cycle
every 8 sec. - for 9 minutes (gamma = 1.0)
Recorded Density
1.87
1.88
1.88
1.88
1.88
1.88
1.88
1.86
1.88
1.87
1.87
1.87
1.88
1.87
1.86
1.87
1.88
1.87
1.87
X 1.874
x
.007
+3s +2.1%
- x
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APPENDIX B
Tungsten-Halogen System
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Appendix B-l Density Variations Across Exposure Platen
Lamphouse in +1 Position - Tungsten-Halogen
System
Film: Plus-X 4x5 sheet film, ASA 125
Development: R.I.T. Versamat processor, 2.5 fpm setl
gamma = .8
Exposure: 2.1 N. D. filter
Results:
Step No. Top
1.28
Middle
1.29
Bottom
1.28
X
1 1.28
2 1.26 1.27 1.27 1.27
3 1.26 1.27 1.26 1.26
4 1.26 1.27 1.26 1.26
5 1.26 1.27 1.26 1.26
6 1.26 1.27 1.26 1.26
7 1.26 1.27 1.26 1.26
8 1.26 1.27 1.26 1.26
9 1.25 1.26 1.26 1.26
10 1.26 1.26 1.26 1.26
11 1.26 1.26 1.25 1.26
12 1.26 1.26 1.25 1.26
13 1.26 1.26 1.25 1.26
14 1.26 1.26 1.25 1.25
15 1.25 1.26 1.25 1.25
16 1.24 1.26 1.25 1.25
17 1.25 1.26 1.25 1.25
18 1.25 1.26 1.25 1.25
19 1.25 1.26 1.25 1.25
20 1.25 1.26 1.25 1.25
21 1.26 1.26 1.25 1.25
X 1.257 1.265 1.256 1.258
s .008 .008 .008 .007
X
Using X column, + 3-sigma in percent
= + 2.0%
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Appendix B-l Lamphouse in 0 Position
(continued)
Experimental
Conditions: Same as in +1 Position
Exposure : 1.8 N.,D. Filter
Results:
Step No. Top
1.71
Middle
1.70
Bottom
1.71
X
1 1.71
2 1.71 1.70 1.71 1.71
3 1.71 1.71 1.71 . 1.71
4 1.71 1.71 1.71 1.71
5 1.71 1.70 1.71 1.71
6 1.71 1.69 1.71 1.70
7 1.70 1.69 1.69 1.69
8 1.70 1.69 1.69 1.69
9 1.70 1.70 1.69 1.70
10 1.69 1.70 1.69 1.69
11 1.69 1.69 1.69 1.69
12 1.69 1.69 1.68 1.69
13 1.69 1.69 1.69 1.69
14 1.68 1.69 1.68 1.68
15 1.68 1.68 1.68 1.68
16 1.69 1.69 1.69 1.69
17 1.68 1.68 1.68 1.68
18 1.68 1.68 1.68 1.68
19 1.68 1.69 1.68 1.68
20 1.68 1.68 1.68 1.68
21 1.68 1.68 1.67 1.68
X 1.694 1.692 1.691 1.692
s .012 .009 .013
.012
Using X column, + 3-sigma in percent
= + 3.5%
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Appendix B-2 Lamphouse in -1 Position
(continued)
Experimental
Conditions: As as in +1 Position
Exposure : 1.8 N.D. Filter
Results:
Step No. Top
1.67
Middle
1.66
Bottom
1.65
X
1 1.66
2 1.65 1.65 1.64 1.65
3 1.66 1.66 1.64 i.66
4 1.66 1.65 1.65 1.65
5 1.64 1.66 1.65 1.65
6 1.64 1.65 1.64 1.64
7 1.64 1.65 1.64 1.64
8 1.64 1.65 1.64 1.64
9 1.63 1.64 1.64 1.64
10 1.64 1.64 1.64 1.64
11 1.64 1.64 1.64 1.64
12 1.63 1.64 1.64 1.64
13 1.63 1.64 1.63 1.63
14 1.64 1.64 1.64 1.64
15 1.63 1.64 1.63 1.63
16 1.62 1.64 1.64 1.64
17 1.62 1.63 1.63 1.63
18 1.62 1.63 1.63 1.63
19 1.62 1.63 1.63 1.63
20 1.62 1.63 1.62 1.62
21 1.62 1.63 1.62 1.62
X 1.643 1.636 1.637 1.639
s .010 .015 .008
.011
Using X column, + 3 -sigma in percent
= + 3.3%
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Appendix B-2 Exposure Repeatability Data
Film: Kodak Plus-X film (35mm) - ASA 125
Exposure: 2.4 N.D. filter used
Development: D-76 undiluted at 73F, using nitrogen-
burst agitation, 1 cycle every 8 sec. -
for 9 minutes (gamma = 1.0)
Results:
Recorded Density
1.56
1.57
1.58
1.58
1.58
1.58
1.58
1.57
1.56
1.56
1.58
1.58
1.58
1.57
1.58
1.57
1.57
1.57
1.57
X 1.573
s .0075
x
+3s + 2.2%
- x
